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Radionuclide Imaging Correlatives of Heart Rate Impairment During
Maximal Exercise Testing
H. KIRK HAMMOND, MD, * TAMSIN LISA KELLY, MD, * VICTOR FROELICHER, MD, FACC t
Portland, Oregon and San Diego, California
A lower than normal heart rate response to maximal
dynamic exercise, known as chronotropic incompetence
or heart rate impairment, has been demonstrated to have
a poor prognosis. In order to better describe patients
with this finding, 156 men with coronary heart disease
were evaluated. All patients were studied with maximal
exercise testing, including measurements of oxygencon-
sumption, exercise electrocardiograms, thallium scintig-
raphy and radionuclide ventriculography. Chronotropic
incompetence was defined as a maximal heart rate 1
standard error of the estimate below the regression line
of age versus maximal heart rate on twoseparate exercise
Previou s investigations have demonstrated the poor prog-
nosis of patients with corona ry heart disease and a lower
than normal heart rate response to maximal dynamic ex-
ercise . Bruce et al. (I ) have referred to this as "heart rate
impairment" and Ellestad and Wan (2) have called it
" chronotropic incompetence. " From patients tested by ex-
ercise in their laboratory for routine screening or for eval-
uation of known coronary artery disease, Ellestad and Wan
(2) defined a group of patients with no ST segment changes
but with a maximal heart rate response to treadmill testing
below the 95th percentile for age. These patients had an
increased incidence of "coronary events," defined as pro-
gression of angina, myocardial infarction and death. A greater
prevalence of three vessel coronary disease was noted in 30
patients with abnormal ST shifts and chronotropic incom-
petence compared with those with abnormal ST depression
alone (3) . McNeer et al. (4) analyzed data from 1,500 pa-
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tests. In patients so defined, mean maximal oxygen con-
sumption was significantly lowered and angina was the
major reason for stopping exercise on the treadmill. Pa-
tients with chronotropic incompetence not limited by
angina had more evidence of myocardial scar and dys-
function and had a greater prevalence of three vessel
coronary disease than did patients with a normal heart
rate response. Radionuclide testing results suggest that
among patients with chronotropic incompetence, those
with angina have a better prognosis than those who do
not have angina but who may have myocardial dys-
function.
tients who had angiography and exercise testing and found
a poorer survival rate in patient s with coronary artery disease
and a maximal heart rate less than 120 beats/min .
The cause of this limited heart rate response to exercise
is unknown . Does it reflect ischemia, sinus node disease,
autonomic dysfunction or left ventricular dysfunction, or
does it serve a protective or adaptive purpose to those with
limited cardiac reserve? The purpose of this study was to
characterize patients with coronary heart disease and heart
rate impairment using gas analysis measurements and radio-
nuclide techniques .
Method
Study patients. The data collected from 156 men (35
to 65 years of age) being screened for entry into a supervised
cardiac rehabilitation program entered into a computerized
data base were used for this study . These men had coronary
heart disease characterized by the following criteria: 1) his-
tory of myocardial infarct ion (4 or more months before
entry; 2) typical stable angina pectoris confirmed by angi-
ography, radionuclide studies or an abnormal exercise test;
or 3) coronary artery bypass surgery 4 or more months
before entry. Twent y-five percent of the patients with sur-
gica l bypass had angina due to either incomplete revascu-
larization or graft occlusion . Patients with active congestive
heart failure , life-threatening arrhythmias, pulmonary dis-
ease, moderate or severe hypertension, vascular problems
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Figure I. Plot of maximal heart rate versus age for the 156 men
with known coronary heart disease in this study. The regression
line (TP) and the standard error of the estimate are plotted along
with the limit for chronotropic incompetence defined by Ellestad
and Wan (2). Their group included all individuals tested in their
laboratory. some free of heart disease. Also included is the lower
percentile limit from a study of normal activators (Froelicher, 10%)
(8). Our limit for chronotropic incompetence was lower than that
used in their study. Ellestad = 95% confidence limits for heart
rate regressed on age. from Ellestad (Ref 4:404): TP = regression
line for our total study group: TP-SEM = upper limit of chron-
otropic incompetence for our total population defined by subtract-
ing the standard error of the mean from the regression equation.
pendent readers who had no other patient information and
the results were averaged . The segments were graded using
a previously published scoring system (9) based on both the
size and the intensity of defects ranging from 0 for normal
to 10 for the most severe . Ischemia was defined as a score
that decreased by 2 severity units if less than 5 on the
immediate image and by 3 severity units if between 5 and
lOon the immediate image. A scar was a defect score of
3 or greater that remained on the 4 hour images.
Statistical analysis. By regressing maximal heart rate
versus age, the study groups were classified into those with
and without chronotropic incompetence. A regression equa-
tion was derived and the patients whose maximal heart rates
were less than or equal to I standard error of the estimate
below the regression line were considered to have relative
chronotropic incompetence (Fig. I) . As shown in Figure I ,
this limit was even lower than that used by Ellestad and
Wan (2); therefore . our selected patients truly had impaired
heart rates. It was required that a patient satisfy this con-
dition for both tests to be placed in the impaired heart rate
or chronotropic incompetent group. Because the second test
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(for example, claudication) and orthopedic problems were
excluded . Patients currentl y or recentl y in an exercise pro-
gram were also excluded.
Patients taking beta-adrenergic blocking agents or di-
goxin discontinued use of these agents for a period of time
(2 weeks for digoxin and at least 3 days for beta-blockers)
before the studies . Nitrates were not taken before the testing.
Testing procedures included exercise electrocardiography,
supine bicycle radionuclide ventriculography, thallium scin-
tigraph y and maximal oxygen consumption measurements.
Nearly 70% of our patient s were referred with results of
coronary angiography that had been performed within the
year .
Treadmill exercise testing. Treadmill exercise and su-
pine bicycle exercise studies were symptom- or sign-limited,
being termin ated with the occurrence of 0 .3 mY of hori-
zontal or downsloping ST segment depression (in relation
to the PR segment) or 0.3 mY of ST segment elevation over
the baseline ST segment level , serious angina or arrhyth-
mias, a decrease in systolic blood pressure of more than 20
mm Hg or fatigue. The two treadmill tests were performed
according to a modified Balke-Ware protocol (2 minute
stages beginning with 2.0 and 3.3 mph [both level] followed
by 5% increases in grade). The tests were performed at least
2 days apart ; therefore , beta-adrenergic blocking agents,
taken by 35% of our patient s, had been stopped for at least
5 days before the last test. Levels of effo rt were recorded
using the Borg scale (5) , ranging from 6 (very light) to 20
(very hard ) according to perceived exertion . A 2 mCi dose
of thall ium was injected I to 2 minutes before ending the
exercise with imaging begun within 2 minutes and redis-
tribution studies performed 4 hours later. Maximal oxygen
consumption was measured on a separate day using elec-
tronic gas analy sis equipment and weather balloons. Flow
was measured by suctioning the expired air through a dry
gas meter at a constant flow rate. Predicted oxygen con-
sumption levels were calculated on the basis of treadmill
time or work load (6).
Radionuclide gated left ventricular imaging. A 15 mCi
dose of technetium-labeled red blood cells was administered
intravenously. After equilibration, the activity within the
blood pool was recorded in a modified left anterior oblique
projection with a caudal tilt that permitted separation of the
left ventricle . The patient s then perform ed three stages of
supine bicycle exercise up to a symptom- or sign-limited
effort. The standard Medical Data Systems programs im-
plemented on an A2 system were used for calculating ejec-
tion fraction (7) and the University of California . San Diego
volume technique was utilized (8).
Thallium scintigr aphy. Images were obtained imme-
diately and 4 hours after exercise in three views: anterior
and 45 and 70° left anterior oblique. All analog scintigraphic
images were unprocessed and recorded on X-ray transparent
film. The thallium images were interpret ed by three inde-
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Table 1. Descriptive Data for the Entire Study Group
Results
~EF = (maximal exercise ejection fraction - rest ejection fraction)
~ rest ejection fraction x 100.
was performed 2 or more days later, this assured that the
heart rate was not affected by residual beta-receptor blockade.
Paired t tests were used to determine the differences for
continuous variables. Exact probability (p) of observed pro-
portions was determined from appropriate tables. The stan-
dard University of Califomia, Los Angeles-Biomedical Data
Processing (UCLA-BMDP) programs, including stepwise
multiple regression, were utilized with the data passed di-
rectly within a Digitalis Electronics Corporation 11 :34 from
the data base to the statistical package.
Discussion
Previous studies. Ellestad and Wan (2) analyzed the re-
sults from 2,700 patients tested in their treadmill laboratory ,
Treadmill testing (Table 4). All patients reported giv-
ing maximal effort during treadmill testing except for those
who stopped because of moderate or severe angina (25%).
Patients rarely stopped because of arrhythmias or claudi-
cation (l%) or marked ST segment changes (5%). Although
7% of the patients had a drop in systolic blood pressure,
this decrease was always associated with angina in patients
with chronotropic incompetence and, therefore, was not the
reason for limiting heart rate. With the exception of angina,
the reasons for stopping exercise and the symptoms or clin-
ical signs during treadmill testing were not different in pa-
tients with and without chronotropic incompetence. Other
variables that did not differ between patients with and with-
out chronotropic incompetence included systolic blood pres-
sure and heart rate at rest, exercise-induced ST segment
changes (elevation or depression), shortness of breath, clau-
dication or arrhythmias during the exercise testing.
Patients with chronotropic incompetence generally had
a lower mean maximal systolic blood pressure, and always
had a statistically lower mean maximal oxygen consump-
tion. The mean respiratory quotients were significantly lower
in the patients with chronotropic incompetence than in those
with a normal heart rate response in all but the group with
angina. Perceived exertion was the same in all groups except
for the total study group in which patients with chronotropic
incompetence did not perceive their exertion to be as great.
Using stepwise multiple regression, age and treadmill vari-
ables, including oxygen consumption, systolic blood pres-
sure, respiratory quotient and perceived exertion, could only
explain 50% of the variability of maximal heart rate. Clinical
features were not found to be statistically important.
Radionuclide studies (Table 5). Except for the surgical
bypass group, there were no significant differences in vol-
ume measurements between patients with chronotropic in-
competence and those with a normal heart rate response in
any of the subgroups. However, patients with chronotropic
incompetence without angina had an abnormal mean end-
diastolic volume and ejection fraction. Analysis of the data
assessing degree of myocardial scar revealed more scar in
patients with chronotropic incompetence in the bypass group
and the group without angina. Comparing specific areas for
scar revealed more apical scar in the patients with chron-
otropic incompetence in both groups and more lateral scar
in those with chronotropic incompetence in the surgical
bypass group. Using stepwise multiple regression, the radio-
nuclide test results including the thallium scores and ven-
tricular volume and function measurements separately could
only explain 15% of the variability in maximal heart rate.
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34
157 ± 20
183 ± 29
29 ± 55
256 ± 5.7
16.9 ± 22
1.12 ± 0.11
3.5 ± 4.2
12.2 ± 7 I
129 ± 55
053 ± 0.14
68
31
10.3 ± 5.0
Chrncal variables
Age (yr)
% with
Transmural infarction
Anterior
Infenor
Other
Muillple
Coronary artery bypass surgery
3 vessel disease (103 patients had angiography)
Exercise-induced angina
Treadmill test variables at peak exercise
Heart rate (beats/min)
Systolic blood pressure (mm Hg)
Rate-pressure product (x 10- 3)
Oxygen consumption (ml kg - I min - I)
Perceived exertion scale (from I to 20)
Respiratory quotient
Radionuchde variables
Thallium ischemia score
Thalhum scar score
Rest end-diastolic volume (ml)
Rest ejection fracnon
Percent with rest ejection fraction ~ 50%
Percent with exercise-induced ~EF ~ 10%
Maximal cardiac output (liters/min)
General features. The historical and clinical features of
our study patients are listed in Table 1. There was no dif-
ference between the groups that did or did not have chron-
otropic incompetence, regarding the prevalence of myo-
cardial infarction and Q waves on rest electrocardiogram or
history of congestive heart failure (Table 2). Because there
was a significant difference between the prevalence of ex-
ercise-induced angina (more common in those with chron-
otropic incompetence) and coronary artery bypass surgery
(more common in those with a normal heart rate response),
the study group was divided according to these historical
features. Within these subgroups, chronotropic incompe-
tence was determined by regressing heart rate on age and
subtracting the standard error of the estimate (Table 3 and
Fig. 2).
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Table 2. Pertinent Clinical Features of the Five Study Groups Classified Into Those With Chronotropic Incompetence and Those
With a Normal Heart Rate Response to Exercise*
Coronary No Coronary
All Group Patients No Angina Angina Bypass Surgery Bypass Surgery
(n = 156) (n = 103) (n = 53) (n = 58) (n = 98)
CI NL CI NI CI NL CI NL C1 NL
(n = 19) (n = 137) (n = 14) (n = 89) (n = 8) (n = 45) (n = 8) (n = 50) (n = 15) (n = 83)
Age 55 ± 7 53 ± 8 53 ± 7 52 ± 8 54 ± 5 55 ± 8 56 ± 6 54 ± 7 54 ± 7 53 ± 9
% with history of 0 10 14 II 0 4 0 8 0 12
CHF
% with history of 63 64 79 66 38 60 63 53 67 71
transmural
infarction
% with exercise- 68 29 0 0 100 100 50 20 67 35
Induced angina p < 0.01 P < 0.05
% with 3 vessel 67 52 71 55 80 41 63 71 71 26
disease (103 had p < 0.05
angiography)
% with coronary 5 42 21 46 13 29 100 100 0 0
bypass surgery p < 0.05
% with ST segment 79 57 43 52 88 76 63 47 80 63
depression dunng
treadmill test
*All historical information was documented by review of medical records and cardiac cathetenzanon data. All differences are nonsignificant except
those Indicated by probability (p) values.
CHF = congestive heart failure: CI = chronotropic Incompetence: NL = normal heart rate response.
*The standard error of the estimate (SEE) was subtracted from the
regression equation to give the upper limit of maximal heart rate (MHR)
for chronotropic Incompetence at each age. The correlation coefficient of
these regressions ranged from - 0.28 to - 0.50
Table 3. Regression Equations Derived From our Study Group
and its Subgroups Defining the Upper LImits of the Maximal
Heart Rate Response to Progressive Treadmill Exercise for
Chronotropic Incompetence*
and defined a group below the 95% confidence limit for
maximal heart rate regressed on age, as having "chrono-
tropic incompetence, " Patients with no ST segment depres-
sion who had chronotropic incompetence had a four times
greater incidence of coronary events than did those without
chronotropic incompetence in the 4 years after the test. The
age-adjusted heart rate limits used for their study were pub-
lished in Ellestad's text (10), We chose heart rate limits
lower at all ages than the heart rates they used and required
Patient Group
All patients
No angina
Angina
Coronary bypass
surgery
No coronary
bypass
surgery
MHR = 209 - (age)
MHR = 228 - 0.9 (age)
MHR = 215 - I 5 (age)
MHR = 215 - (age)
MHR = 208 - I I (age)
SEE
19
17
20
15
20
that the limits not be exceeded on either of the two treadmill
tests performed by our patients.
In a similar follow-up study of 1,500 patients who under-
went angiography and treadmill testing, McNeer et at. (4)
found that those with a maximal exercise heart rate less than
120 beats/min had a 60% survival rate of 4 years versus a
90% survival in those who exceeded a maximal heart rate
of 160 beats/min. Bruce et at. (II) followed up 2,000 clin-
ically healthy men after screening them with treadmill test-
ing and found that the inability to achieve a maximal heart
rate 90% of that predicted for age had a four times increased
risk for coronary events after 5 years, Chin et al. (3) reported
the only invasive hemodynamic study of patients with chron-
otropic incompetence, They demonstrated a greater preva-
lence of three vessel disease in patients with chronotropic
incompetence and ST segment depression than in those with
ST depression and a normal heart rate response.
None of these studies considered the prevalence of ex-
ercise test-induced angina or evaluated other factors in their
patients with chronotropic incompetence. From previous
studies of normal subjects and in evaluating patients with
coronary heart disease, we have noted no distinguishing
features in those with heart rate impairment. Therefore, we
initiated this study to better characterize patients with chron-
otropic incompetence.
Study group. Our patients represent a cross section of
persons with coronary heart disease, including those who
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Figure 2. Regression lines derived for maximal heart
rate during a progressive treadmill test plotted against
age for our study group of 156patients and its subgroups
compared with previously published regression data for
1,317healthy aircrewmen (8). Theseregressions are based
on the data from the treadmill test during which maximal
oxygen consumption was measured. CABGS = coro-
nary artery bypass graft surgery.
have had a myocardial infarction and coronary artery bypass
surgery or angina pectoris, or both (Table 2). Because our
definition of chronotropic incompetence required that pa-
tients have an impaired heart rate on two separate tests, our
sample group is more rigidly defined than in previous stud-
ies. Patients who met the criteria for chronotropic incom-
petence had both a significantly lesser prevalence of bypass
surgery and a greater prevalence of exercise-induced angina
than did the other patients (Table 2). It appeared that the
limited maximal heart rates were due to angina-limited ef-
fort; also it appeared that patients who had bypass surgery
did not have as much heart rate impairment. Because of
these differences, the 156 men were divided into subgroups
based on whether or not they had angina and coronary by-
pass surgery.
Treadmill test results. The mean heart rate of patients
with chronotropic incompetence at a submaximal work load
(5% grade) was significantly lower than that of the other
patients except for those in the angina group (Table 4). This
finding is in agreement with the data of Chin et al. (3).
Maximal blood pressure response. A significant differ-
ence was seen in maximal systolic blood pressure in the
total group and the group without surgical coronary bypass,
with the patients with chronotropic incompetence achieving
a lower pressure than those with a normal heart rate re-
sponse. The great prevalence of angina in these groups may
explain this finding; however, the lower blood pressure may
simply reflect termination of exercise due to angina. Al-
though this lower maximal blood pressure response is also
seen in the patients with chronotropic incompetence from
the group without angina, the difference is not as great.
Even so, this finding suggests that factors other than angina
are involved in this lower maximal blood pressure response,
such as decreased myocardial contractility or peripheral re-
sistance. Rate-pressure product, an estimate of myocardial
oxygen consumption (12), was significantly lower in those
patients with chronotropic incompetence.
Maximal oxygen consumption. There was a lower mean
maximal oxygen consumption (V02 max) in all of the pa-
tients with chronotropic incompetence except for the sur-
gical bypass group. This demonstrates that patients with
chronotropic incompetence are functionally impaired. This
difference retained significance in the group without angina
and, therefore, symptom limitation is not the only expla-
nation. Although peripheral adaptations are thought to be
contributory to widening the arteriovenous oxygen differ-
ence in trained athletes (13), patients that are so quickly
limited by their cardiovascular systems are not likely to
benefit by this adaptation (14). Thus, the differences in
maximal oxygen consumption must be due to the heart rate
or the stroke volume, or both. Because the degree of heart
rate impairment is proportional to the degree of impairment
in aerobic capacity, the most likely explanation is the limited
heart rate. However, the mean level of aerobic impairment
we found is above the 5 multiples of rest oxygen con-
sumption (MET) (1 MET = 3.5 ml O2 • Kg-I. min-I)
threshold that most studies have found to have a bad prog-
nosis (8).
Respiratory quotient. The respiratory quotient is the ra-
tio of carbon dioxide output to oxygen uptake and it in-
creases in proportion to exercise effort. A value of 1.15 is
reached by most individuals at the point of maximal dynamic
exercise (15). The mean respiratory quotient differed in all
but the group with angina, in which mean values for patients
Table 4. Dynamic Variab les of the Groups at Rest and During Ma ximal Exerc ise Co mparing Those With Chro no tro pic Incompeten ce With
Th ose With a Normal Heart Rate Response
All Patients (n = 156)
1I 2 :t 9 126 ± 15
p < 000 1
I 20 :t I I 160 ± 16
p < 0001
159 :t 33 185 :t 27
p < 0001
No Angina (n = 103)
~ !~
." Z
oc::,->
0' 'Jo
I
~
z ~~ ~
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5-<
~ £.
64 ± 9
NL (n = 83)
65 :t 13
No CABG (n = 98)
I 12 ± 10 125 ± 15
P < 001
116 ±1 2 158 ± 18
p < 000 1
153 :t 29 183 ± 26
p < 0.00 1
CI ( n = IS)
70 :t 1I
NL (n = 50)
CABG (n = 58)
67 ± 7
Cl (n = 8 )
I 15 :t 8 130 ± 16
p < 0.05
134 ± II 166 ± 12
p < 0 00 1
183 :t 32 192 ± 27
65 ± 9
126 ± 17
NL ( n = 45 )
Angina ( n = 53)
66 ± 12
I 15 :t 14 15 I :t 20
p < 0 .00 1
170 ± 43 176 :t 28
Cl (n = 8)
114 :t 14
67 :t I I
NL ( n = 89)
67 ± 10
p < 005
116 ± 8 126 :t 15
P = 0001
13I ± 10 165 ± 13
p < 0001
171 ± 29 189 :t 26
CI ( n = 14)
67 :t 10
NL (n = 137)
64 :t 12
C l ( n = 19)
Max exer
Rest heart rate
(beats /min )
5<;<- grade
Sys tolic blood
pressure(mm Hg)
at max exer
23 ± 5 31 ± 5
p < 000 1
23± 4 27±6
p < 001
107 ±0.10 1I6:t 01I
p < 0 01
20 :t 6 27 :t 6
p < 00 1
19 :t 3 24 :t 5
p < 001
I 00 ± 0 10 I 08 :t 0. 11 1.05 ± 0.07 I 16 ± 0 II
P < 001
25 ± 5 32 ± 5
p = 0.00 1
24 ± 5 27 ± 5
17 ± 216 :t 2
18 :t 4 29 :t 5
p < 000 1
21 :t 4 26 ± 6
p < 00 1
1 01 :t 0 0911 2 ± O I2
p = 000 1
17 ± 218 ± 216 ± 2IS :t 218 :t 217 ± 2
19 :t 5 30 ± 5
p < 000 1
22 :t 4 26 ± 6
p < 000 1
1.02 :t 0 09 I 13 :t 0 12
P < 0001
15 ± 2 17:t2
p < 00 1
Respiratory
quotient
Perceived
exertion
Rate-pressure
product x 10- 1
V02max
All difference.. are non srgrn ticant except those indicated by p value, CA BG = coro nary arte ry bypass graft surgcry. CI
exer = maximal cxcrc rsc : NL = norm al. V02max = mean maxim al oxygen co nsurnpuo n
chronotrop ic m cornp etencc . Max
Table S. Result s of the Rad ionuclide Rest and Exe rc ise Stud res of the Five Study Groups C lass ified Into Those WIt h Chro no tropic
Incompetence and Those With a Normal Heart Rate Response to Exercise
All Patien ts (n = 156) No Angma (11 = 103) A ng ina (11 = 53) Bypass Surgery (11 = 58) No Bypass (n = 98)
CI ( n = ( 9 ) NL (11 = 137) CI (11 = 14) NL (11 = 89) CI ( n = 8) NL (11 = 45) CI (n = 8) NL (n = 50) CI ( n = 15) NL (11 = 83)
EDV(ml)
Rest Exer
EF at rest(%)
EF at rest ~ 50o/c ( 'Jf.
patients)
AEF ~ lOo/c with exer.
(% patients)
Q max exer liters/mill
Thallium ischemia
score
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144 :t 66
59 :t 14
83
17
8.5 ± 3.4
4 .1 :t 4 .2
132 ± 56
154 :t 64
52 ± 14
66
33
10 5 ± 40
3 4 ± 4.2
152 ± 66
176 ± 52
49 ± 18
57
36
97 ± 3 4
4 I ± 55
130 :t 52
151 :t 66
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36
10 3 :t 36
2.6 ± 36
94 :t 35
107 ± 43
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14
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4 .3 :t 5 6
136 :t 70
160 :t 63
53 :t 13*
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24
II I ± 4.6*
5 1:t43
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3.0 ± 4.2
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9 0 :t 3.4
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152 :t 86
157 ± 68
57 :t 15
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36:t43
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Thallium scar score 10.9 ± 56 12 4 ± 73 16 5 ± 9 I II 3 ± 7 I ~ 99 ± 36 13.2 :t 64 14.5 :t 7.9 9 2 ± 56* 11 2 ± 60 13.9 ± 7 5
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both with and without chronotropic incompetence were low.
Whatever factor limited heart rate also limited the ability to
reach a maximal effort.
Radionuclide test results. The radionuclide volume
results (Table 5) do not show significant differences be-
tween patients with and without chronotropic incompetence
in most of the groups. Although those with chronotropic
incompetence had mean values that were abnormally ele-
vated, the lack of a statistically significant difference is
probably due to multiple factors. First, although many in-
vestigators report correlation coefficients of 0.9 or higher
with the method used for determining end-diastolic vol-
umes , results were obtained with preliminary studies in-
volving small numbers of patients with "bad results" ex-
cluded (8). We find considerable variability in the volume
measurements in large numbers of patients even though
maintaining a high level of quality control. Another con-
sideration is the heterogeneity of our study group with a
wide range of values represented.
The exception to this is the surgical bypass group where
the patients with chronotropic incompetence did have a larger
mean end-diastolic volume with maximal exercise (Table
5) . This could be a selection bias because half of these
patients had angina. They are a group with unsuccessful
bypass surgery most likely due to severe distal coronary
occlusions. There was a trend for exercise ejection fraction
and end-diastolic volume to be higher in the patients with
chronotropic incompetence, and cardiac output was usually
lower, but only statistically so, in the angina subgroup.
Ejection fraction. Ejection fractions have been very re-
producible in our laboratory and a high correlation exists
between ejection fractions determined by our method and
those determined by biplane cineangiography (16). The mean
rest ejection fraction was abnormal « 50%) in those with
chronotropic incompetence in the no angina and the surgical
bypass groups. A criterion for a normal ejection fraction
change during supine bicycle maximal exercise has been
that it must increase by 10% (0.10 units) or more of the
rest value (17) . As shown in Table 1, 31% of our study
group satisfied this criterion, but this response does not
separate patients with from patients without chronotropic
incompetence.
Thallium scar and ischemia scores. Our patients were
graded for the amount of infarction and ischemia by thallium
using a previously described scoring system (9). The pa-
tients with chronotropic incompetence in the no angina and
surgical bypass groups had, by the thallium scar score,
significantly more myocardial scar than did the patients with
a normal heart rate response. Angina was not a frequent
reason for terminating exercise in these patients. It appears
that patients with chronotropic incompetence have more
myocardial damage. This is supported by the trend toward
larger end-diastolic volume and lower ejection fraction in
the patients with chronotropic incompetence in these two
groups. In general, there was a greater mean thallium isch-
emic score in those with chronotropic incompetence. This
was a consistent finding but it never reached a level of
significance, probably due to the great variability exhibited
by these scores .
Exercise-induced angina versus myocardial dysfunc-
tion. Much of what has been called "chronotropic incom-
petence" is related to early termination of exercise due to
angina pectoris. Nevertheless , a significant number of pa-
tients are not limited by angina, but have heart rate im-
pairment. These patients also have significantly lower aero-
bic capacity than do age-matched patients with a normal
heart rate response. Yet we found no significant differences
in patients with and without chronotropic incompetence re-
garding incidence of infarction, prevalence of congestive
heart failure, exercise ejection fraction or exercise-induced
ST segment depression. Our study has enabled the sepa-
ration and characterization of two groups of patients with
chronotropic incompetence: those limited by angina and
those limited by other factors . From the radionuclide testing,
it appears that the patients with chronotropic incompetence
with angina have good mechanical myocardial reserve with
less scar, higher ejection fraction and lower end-diastolic
volume. In contrast, the patients with chronotropic incom-
petence without angina have more scarring, lower ejection
fraction and higher end-diastolic volume. The prognosis of
this latter group certainly would seem worse, particularly
because current coronary bypass surgery may alter ischemia
favorably, but not myocardial function. This difference in
the state of the myocardium was not apparent from clinical
features, such as history of congestive heart failure, myo-
cardial infarction or pathologic Q waves but was only ap-
parent from the results of radionuclide testing.
Conclusion. From previous studies (1-4), one would
assume that patients defined as having chronotropic incom-
petence during a treadmill test would have a poor prognosis.
Therefore, we expected abnormal radionuclide studies and
poor prognostic features to be concentrated in our patients
with chronotropic incompetence. However, we were sur-
prised to find that most patients with chronotropic incom-
petence stopped testing because of angina; in those without
angina , the extent of myocardial damage was correlated to
their impaired heart rate response. We suggest that previous
studies overlooked the occurrence of angina and evidence
for prior myocardial infarction in their examination of pa-
tients with so-called heart rate impairment. Previous inves-
tigators should reexamine their data to see whether patients
with heart rate impairment who developed cardiac events
had angina. Patients with chronotropic incompetence most
likely represent an eclectic group of patients with a variety
of explanations for their impaired heart rate response, in-
cluding angina, myocardial dysfunction and normal variation.
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